We examined 906 residents of an area of Papua New Guinea where bancroftian filariasis is endemic for genetic polymorphisms in three innate immunity genes suspected of contributing to susceptibility to infection and lymphatic pathology. Active infection was confirmed by the presence of blood-borne microfilariae and circulating filarial antigen in plasma. Disease was ascertained by physical examination for the presence of overt lymphedema (severe swelling of an arm or leg) or hydrocele. There was no association of infection status, lymphedema of an extremity, or hydrocele with chitotriosidase genotype (CHIT1). Polymorphisms of toll-like receptor-2 and toll-like receptor-4 genes (TLR4 A896G; TLR2 T2178A, G2258A) were not detected (N¼200-625 individuals genotyped) except for two individuals heterozygous for a TLR2 mutation (C2029 T). These results indicate that a CHIT1 genotype associated previously with susceptibility to filariasis in residents of southern India and TLR2 and TLR4 polymorphisms do not correlate with infection status or disease phenotype in this Melanesian population. Genes and Immunity (2003) 4, 524-527. doi:10.1038/sj.gene.6364015
Lymphatic filariasis is a mosquito-transmitted helminth infection endemic in sub-Saharan Africa, Asia, tropical islands of the Pacific Ocean, and focal areas of Latin America. Humans are infected when mosquitoes inoculate infective larvae into the skin that develop into lymphatic-dwelling adult worms and produce millions of microfilariae that circulate in the bloodstream. The life cycle is completed when microfilariae are taken up in the blood meal of the mosquito vector, where they develop into infective larvae over 10-14 days. The pathological consequences of Wuchereria bancrofti infection (there are also two less common filarial species that infect humans, Brugia malayi and B. timori) are mainly due to lymphatic dysfunction clinically manifested as lymphedema of the extremities or elephantiasis and disfigurement of the genitalia, especially hydroceles in men.
Infection and disease due to W. bancrofti have a characteristic distribution in populations living in endemic areas. The frequency of infection is generally higher in adults than children, consistent with the notion that the parasite burden increases with cumulative exposure to mosquito-borne larvae. The prevalence of overt clinical manifestations among adult residents of endemic areas is usually less than 10% despite the fact that most individuals are presumably inoculated with infective larvae throughout life. In high transmission areas of Papua New Guinea, for example, communityspecific infection rates documented by the presence of blood-borne microfilariae and filarial antigenemia range from 50% to over 80% in persons older than 20 years of age, whereas fewer than 10% have lymphedema of the extremities. 1 This heterogeneity in infection and disease has been attributed to differences in antigen-specific T-cell immunity, 2 spatial variables such as exposure to mosquitoes containing infective larvae, 3 and genetic factors. 4, 5 Progress on understanding the contribution of host genetics to susceptibility to human lymphatic filariasis has come slowly, and primarily been related to the suggestion that HLA antigens are involved, although this may not hold true in all populations. [6] [7] [8] More recently, a study of residents of southern India suggested an association between a duplication mutation in exon 10 of the chitotriosidase gene (CHIT1) and susceptibility to lymphatic disease and microfilaremia. 4 There was no association between the CHIT1 mutant allele and tropical eosinophilia, a less common asthma-like condition associated with lymphatic filarial infection. Chitotriosidase is expressed by macrophages and putatively functions to degrade chitin-containing pathogens such as filarial parasites. 9 Gaucher's disease results from a deficiency in glucocerebrosidase activity and is characterized by overproduction of chitotriosidase. 10, 11 In contrast, the 24 bp duplication in exon 10 of CHIT1 leads to abnormal mRNA splicing and production of an enzymatically inactive truncated protein. The allelic frequency in a healthy Dutch population was reported to be 0.239, with similar frequencies in Ashkenazi Jewish and Indonesian populations. 9 Similarly, an allelic frequency of 0.236 was found in a cohort of Israeli patients with Candida sepsis 12 and 0.258 in a Spanish population with hyperlipidemia. 13 In the current study, we determined whether there was an association between the CHIT1 duplication allele and infection and disease status in residents of a W. bancrofti endemic area of Papua New Guinea. As endotoxin-like molecules produced by endosymbiotic Wolbachia contained within filarial nematodes have recently been implicated in the pathogenesis of disease in filariasis, 14, 15 we also examined the association of infection and disease with selected polymorphisms of toll-like receptor 2 and 4 (TLR2 and TLR4). Proteins encoded by these innate immune receptor genes are thought to be involved in generation of proinflammatory responses to endotoxin and related microbial ligands. 16, 17 A total of 906 individuals were included in the study. The methodology used for genotyping is summarized in Table 1 . The frequency of the mutant allele (24 bp duplication) CHIT1 genotype was 0.121 (219/1812). A total of 205 people were heterozygous (22.6%) and seven were homozygous (0.8%). There was no significant association between the CHIT1 allele genotype and infection status confirmed by blood-borne microfilariae or filarial antigenemia ( Table 2 ). The CHIT1 genotype was not associated with lymphatic pathology defined by the presence of severe lymphedema of the arm or leg (grade 2 or higher according to the World Health Organization criteria) or advanced hydrocele detected by physical examination (Table 3) . 18 All of the individuals genotyped for polymorphisms in TLR4 and TLR2 were homozygous for the wild-type allele (Table 4) except for two individuals heterozygous for a TLR2 mutation (C2029 T). Therefore, no statistical correlation could be made between these mutations and filarial infection or disease.
The results of the current study differ from the report of Choi et al 4 who found a significant association between susceptibility to filariasis and homozygosity (P¼ 0.013) for the CHIT1 mutant allele in southern India. The difference in the results of the two studies is more striking in view of the fact that 180 individuals from southern India were examined vs 906 from Papua New Guinea. These differences may be related to several factors. First, the overall frequency of the 24 bp duplication allele in Papua New Guinea was lower than in southern India (0.121 vs 0.442). The frequency in Papua New Guinea is similar to that of healthy AfricanAmericans and North American Caucasians. 4 Second, the definition of infection and disease phenotypes in the two studies differed in several respects. In Papua New Guinea, none of the subjects had previously been treated with antifilarial drugs (all were residents of a remote area who subsequently participated in trials to assess the impact of mass treatment with antifilarial medications), 19 and infection status was determined by measurements of both blood-borne microfilariae and filarial antigen in plasma. The study from India found a statistically significant association between the chitotriosidase mutation and a combined measure of presence of microfilaremia and antigenemia and chronic lymphatic disease. No association was found when these variables were analyzed separately, as in our study. Additionally, the south Indian study found a decrease in disease susceptibility with heterozygous individuals compared to homozygous wild type and CHIT1 combined (P¼0.034). This may be an artifact of the relatively small number of uninfected individuals considered in that analysis (N¼67). Third, Papua New Guinea study subjects are members of small linguistic groups in East Sepik Province (Drat and Urim), whereas the south Indian study likely included subjects of multiple ethnicities. Finally, although the relatively low frequency of homozygosity for the allele in the Papua New Guinea population would limit the power to detect disease associations, our study did have adequate power to detect the effect of heterozygosity based on the level of difference reported by Choi et al. 4 Polymorphisms in TLR4 (A896G) and TLR2 (C2029 T, T2178A, G2258A) have previously been described (Genbank U88878). [20] [21] [22] None of the TLR4 and only two of the TLR2 polymorphisms were detected in the Papua New Guinea study population (Table 4) . A polymorphism in exon 4 of TLR4 resulting in a Thr399lle aminoacid substitution has been reported and linked to an Asp299Gly (A896G) amino-acid substitution. 22, 23 Genotyping for the former polymorphism was not performed in this study, as the A896G substitution was not observed. Allele frequencies of the TLR4 polymorphism we examined here have been reported to be 0.033-0.080 in Caucasian populations of Europe and North America; 22, 24 only the wild-type TLR4 allele was observed in Whole blood was obtained from a population in the Dreikikir District of the East Sepik Province, PNG in 1993, with approval of the Institutional Review Board for Human Investigation at Case Western Reserve University and the Medical Advisory Committee of the government of Papua New Guinea. Genomic DNA was extracted using commercial kits (Qiagen, Hilden, Germany). After amplification at the annealing temperature indicated in the table, PCR products were digested with the appropriate restriction enzyme (New England Biolabs, Beverly, MA, USA) and the PCR product (CHIT1) or enzyme digest separated by gel electrophoresis.
an Asian population. 25 There is only limited data on the frequency of the TLR2 mutations in various populations; the C2029 T allele was found at a frequency of 0.222 in a subset of 45 patients with lepromatous leprosy and was not detected in tuberculous leprosy patients or uninfected Korean controls, 17 the G2258A substitution was detected in 3% of 110 healthy North American controls. 20 Given the presumed origin of extant Melanesians from ancestral Asian populations, 26 it might be expected that the frequency of the TLR4 genotypes studied here would be extraordinarily low. It should be noted however that these data do not exclude the possibility that other TLR2 or TLR4 polymorphisms are present.
There is considerable variability in the frequency of genetic polymorphisms in people of different ethnicities. Hydrocele evaluated in men age Z16 years. Statistical analysis was performed as described in Table 2 . Cultural and ethnic divisions in Papua New Guinea may, therefore, result in genetic heterogeneity and introduce possibilities that responses to infectious diseases might vary from one population to the next within this small country. On the other hand, founder effects originating from the time of initial human settlements in Papua New Guinea may be responsible for genetic homogeneity. 28, 29 Additional genotyping studies of CHIT1, TLR2, TLR4 and other candidate genes involved in susceptibility to lymphatic filariasis will be required to determine their contribution to the heterogeneous pattern of infection and disease in filariasis in Papua New Guinea and other endemic areas.
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